Background and aims: Recent studies linked cytokine gene polymorphisms to H pylori related gastric cancer development. The current study evaluated the role of cytokine gene polymorphisms for mucosal cytokine expression, the gastric inflammatory response, and bacterial colonisation during H pylori infection. Patients and methods: In 207 H pylori infected patients with chronic gastritis, polymorphisms at different loci of the interleukin (IL)-10, IL-1B, IL-1 receptor antagonist (IL-1RN), tumour necrosis factor (TNF)-A, and interferon (IFN)-G genes were genotyped by polymerase chain reaction (PCR), restriction fragment length polymorphism (RFLP) analysis, and allelic discriminating TaqMan PCR. Mucosal cytokine mRNA copy numbers were determined by real time quantitative PCR. Presence of bacterial virulence factors was investigated by cagA, vacAs1/2, and babA2 PCR. Biopsies were assessed with regard to the degrees of granulocytic/lymphocytic infiltration and the presence of intestinal metaplasia (IM) and atrophic gastritis (AG). Results: Proinflammatory IL-1 polymorphisms (IL-1RN*2 + /IL-1B2511T/231C + ) were associated with increased IL-1b expression, more severe degrees of inflammation, and an increased prevalence of IM and AG. Carriers of the IL-1021082G/2819C/2592C alleles (GCC haplotype) had higher mucosal IL-10 mRNA levels than ATA haplotype carriers and were associated with colonisation by more virulent cagA + , vacAs1 + , and babA2 + H pylori strains. The TNF-A2307(G/A) and IFN-G+874(A/T) polymorphisms did not influence mucosal cytokine expression or the inflammatory response to H pylori. Conclusions: Cytokine gene polymorphisms influence mucosal cytokine expression, gastric inflammation, and the long term development of precancerous lesions in H pylori infection. Host polymorphisms are associated with certain bacterial strain types, suggesting host specific colonisation or adaptation. These findings contribute to the understanding of the complex interplay between host and bacterial factors involved in the development of gastric pathology. I nfection with Helicobacter pylori leads to persistent colonisation and chronic inflammation of the gastric mucosa, thereby increasing the risk of developing peptic ulceration, distal gastric adenocarcinoma, and gastric lymphoma. 1 2 There are high interindividual differences in the extent of gastric inflammation among H pylori infected patients, and clinical consequences develop in only a small subgroup. Bacterial virulence factors, such as the cag pathogenicity island (cagPAI), the vacuolating cytotoxin (VacA), and the blood group antigen binding adhesin (BabA) are associated with enhanced inflammation and cancer development. [3] [4] [5] [6] [7] [8] [9] However, despite the well defined role of virulence factors, it is unclear why a considerable proportion of patients infected with the cagA + , vacAs1 + , or babA2 + H pylori strains do not develop severe pathologies throughout life.
In addition to bacterial factors, mostly unknown host factors seem to influence the inflammatory response and the development of a more severe pathology. H pylori induced inflammation is implicated in the development of mucosal damage and is characterised by strong granulocytic and lymphocytic infiltration. 10 11 The T helper cell response towards H pylori is generally considered to be of the Th1 phenotype, 10 11 leading to a cell mediated immune response. There is increasing evidence that the H pylori induced Th1 response contributes to cancer development. 12 Downregulation of the Th1 response in mice by concurrent enteric helminth infection or p53 mutation was shown to protect against the development of atrophy, intestinal metaplasia, and invasive gastric carcinoma. 13 14 However, factors influencing the extent of the H pylori induced Th1 response are currently unknown. Important cytokines characterising Th1 mediated immune responses are interferon c (IFN-c), tumour necrosis factor a (TNF-a), and interleukin1b (IL-1b), all being upregulated during chronic H pylori infection.
15-17 IL-10, which is also highly expressed in the H pylori infected stomach, 18 is one of the most important regulatory cytokines, inhibiting cell mediated immune responses.
Genes encoding cytokines and related molecules harbour polymorphic regions, which are considered to alter gene transcription and thereby influence inflammatory processes in response to infectious diseases. 19 20 Polymorphisms in the human IL-10, IL-1B, TNF-A, IFN-G, and IL-1 receptor antagonist (IL-1RN) genes have been reported to influence cytokine expression. In the IL-10 promoter, single nucleotide polymorphisms (SNPs) at positions 21082 (G/A), 2819 (C/ T), and 2592 (C/A) from the transcription start site have been reported to produce mainly three haplotypes: GCC, ACC, and ATA. 21 Although there are stimulus or cell type dependent variations, haplotype GCC seems to be associated with high and ATA with low IL-10 production capacity from in vitro stimulated peripheral blood mononuclear cells (PBMC). 22 23 Several polymorphisms have been reported in the TNF-A promoter, most of which are functionally silent. 24 The majority of studies focused on the G/A polymorphism at position 2307, which was originally misnumbered and is therefore better known as TNF-A2308. 24 While in some in vitro studies allele A of this SNP was associated with heightened TNF-a secretion, other studies did not find such a correlation. 24 25 In the IFN-G gene, a T/A polymorphism at position +874 has been reported. 26 Allele T of this SNP shows an absolute correlation with allele 2 of a penta-allelic CA microsatellite polymorphism, which has been associated with high IFN-c production from PBMC in one study. 27 In the promoter region of the IL-1B gene, IL-1B2511T, which is in complete linkage disequilibrium with IL-1B231C, 28 was previously associated with slightly, but not significantly, increased IL-1b secretion from stimulated PBMC. 20 The IL-1RN gene has a penta-allelic 86 bp variable number of tandem repeat region (VNTR) in intron 2, of which allele 2 (IL-1RN*2) was previously associated with enhanced IL-1b secretion. 20 29 30 In the context of H pylori infection, the genetic basis for the high interindividual differences in cytokine responses is poorly understood. However, recent reports linked cytokine gene polymorphisms to gastric cancer. 28 31 32 In the current study, we investigated a large H pylori infected patient group with chronic gastritis and determined host cytokine gene polymorphisms, corresponding mucosal cytokine expression, histopathological features of gastritis, and the infecting bacterial strain type. The aim of the study was to define the influence of different polymorphisms on the H pylori induced cytokine response and to investigate the resulting consequences for gastric inflammation and bacterial colonisation.
MATERIALS AND METHODS

Patients and biopsies
Five antral and five corpus biopsies were collected from each of 742 patients. A total of 207 patients (106 male and 101 female) with chronic gastritis were H pylori infected. Patients taking non-steroidal anti-inflammatory drugs or receiving antisecretory therapy, as well as those with ulcer disease or gastric carcinoma were excluded. Of the infected patients, 88.9% were of German nationality while the remainder were from different countries in southern Europe. Mean age was 62.5 years (range 32-92). Two antral and corpus sections were stained with haematoxylin-eosin. Histopathological evaluation was performed according to the Sydney classification system with regard to the presence of intestinal metaplasia (IM), atrophic gastritis (AG), and the degree of granulocytic infiltration (G1 mild, G2 moderate, G3 severe) and lymphocytic infiltration (L1-L3). The remaining biopsies were stored in liquid nitrogen and homogenised before DNA/ RNA isolation, as described previously. 17 Polymerase chain reaction (PCR) for H pylori genotyping PCR amplification of the H pylori gene loci was performed for the cagA gene, the vacAs mosaics vacAs1/2, and babA2, as published previously. 7 17 33 Genotyping of cytokine gene polymorphisms Cytokine gene polymorphisms were genotyped by PCR, restriction fragment length polymorphism (RFLP) analysis, or 59 nuclease PCR assay (allelic discriminating TaqMan PCR), as described briefly below. Additional methodological details are available from the authors on request.
IL-1B2511/231 polymorphisms and the 86 bp VNTR in the IL-1RN gene were genotyped by allelic discrimination TaqMan PCR, RFLP analysis, and PCR, as described previously. 28 IL-10 SNPs were genotyped by RFLP analysis. Primer sequences for PCR are shown in table 1. For genotyping of the 21082 polymorphism, PCR products were digested with 10 units of MnlI (New England Biolabs, Frankfurt, Germany) at 37˚C for three hours. This gave products of 98 bp+46 bp (21082G) and 144 bp (21082A). An additional MnlI restriction site at position 21059 was eliminated from the sequence by introducing a point mutation into the amplified PCR product through a base exchange in the antisense primer (C to G, underlined in the primer sequence). To analyse the IL-102819 polymorphism, PCR products were digested with 1 unit of RsaI (Roche, Mannheim, Germany) at 37˚C for two hours. The IFN-G+874 SNP was genotyped by allelic discriminating TaqMan PCR, using the following primers and probes: forward primer 59-ATT CAG ACA TTC ACA ATT GAT TTT ATT CTT AC-39 and reverse primer 59-ACT GTG CCT TCC TGT AGG GTA TTA TT-39; probe 1: 59-FAM-AAT CAA ATC TCA CAC ACA C-TAMRA-39 and probe 2: 59-VIC-ATC AAA TCA CAC ACA CAC-TAMRA-39. PCR and end point analysis was performed in a volume of 25 ml on a ABI PRISM 7700 Sequence Detection System (Perkin-Elmer, Weiterstadt, Germany). Table 1 Primer sequences and restriction enzymes used for restriction fragment length polymorphism analysis of tumour necrosis factor A (TNF-A) and interleukin 10 (IL-10) polymorphisms. Typing of the remaining single nucleotide polymorphisms was performed by allelic discriminating TaqMan PCR, as described in materials and methods Typing of the TNF-A2307 SNP was performed by RFLP analysis. Primer sequences are shown in table 1. PCR products were digested with 10 units of NcoI (New England Biolabs) at 37˚C for three hours, giving fragments of 126+21 bp (2307G). The 2307A allele was not cut.
Real time quantitative reverse transcription-PCR
Quantitative cytokine mRNA determination was performed by TaqMan PCR, as described previously. 17 In order to obtain absolute cytokine mRNA copy numbers, standard curves were generated using plasmid dilution series containing the corresponding target sequence. Cytokine copy numbers were normalised to GAPDH copies. TaqMan primers (MWG, Ebersberg, Germany) and probes (Perkin-Elmer) were designed to span exon junctions or to lie in different exons to prevent amplification of genomic DNA. Sequences of GAPDH, IFN-c, and TNF-a primers and probes have been published previously. 17 For IL-10 and IL-1b quantification, the following primers and probes were used: IL-10 forward primer 59-CAT CGA TTT CTT CCC TGT GAA-39; IL-10 reverse primer 59-TCT TGG AGC TTA TTA AAG GCA TTC-39; IL-10 probe 59-FAM-ACA AGA GCA AGG CCG TGG AGC A-TAMRA-39; IL-1b forward primer 59-CTG ATG GCC CTA AAC AGA TGA AG-39; IL-1b reverse primer 59-GGT CGG AGA TTC GTA GCT GGA T-39; IL-1b probe 59-FAM-TTC CAG GAC CTG GAC CTC TGC CCT C-TAMRA-39; For all control populations (G0/G1; L1; non-IM; non-AG), alleles at the different loci were in Hardy-Weinberg equilibrium, with non-significant x 2 values. As the development of severe histological changes is influenced by age and sex, these parameters were investigated in different patient groups. There were no significant differences in age or sex between carriers of different cytokine gene polymorphisms or patients infected with different strain types (data not shown).
Statistical analysis
Mucosal IL-1b expression in response to H pylori infection is influenced by IL-1 polymorphisms We have previously shown that proinflammatory IL-1B and IL-1RN polymorphisms are associated with heightened degrees of inflammation and the presence of IM/AG during H pylori infection. 33 To investigate the influence of IL-1 polymorphisms on mucosal IL-1b expression, IL-1b mRNA amounts were determined in the gastric mucosa of infected patients by quantitative TaqMan PCR. As illustrated in fig 2, IL-1b mRNA levels tended to be higher in patients with the IL-1B-511T allele compared with 2511CC carriers. However, differences between the groups were low and not significant.
In contrast, IL-1b mRNA amounts were significantly higher in patients with at least one IL-1RN*2 allele compared with IL-1RN1/1 carriers (fig 2) . The highest cytokine mRNA levels were found in patients who harboured simultaneously at least one proinflammatory allele of each polymorphism (simultaneous IL-1B2511T and IL-1RN*2 carriers).
IL-10 polymorphisms influence mucosal IL-10 expression during chronic H pylori infection Correlating mucosal IL-10 mRNA amounts with host IL-10 polymorphisms, -1082AA was associated with low IL-10 expression, 21082GA with intermediate, and -1082GG with high mucosal IL-10 mRNA levels ( fig 3A) . Similarly, the IL-10-592C and 2819C alleles, which are in complete linkage disequilibrium, were associated with higher IL-10 mRNA levels. As shown in fig 3A, 2592CC carriers had almost twofold higher mRNA levels than 2592AA carriers. We then explored the influence of IL-10 haplotypes and haplotype combinations on IL-10 expression. Figure 3B shows that the GCC haplotype (21082G, 2819C, 2592C) was associated with significantly higher IL-10 mRNA levels than the ATA haplotype. ACC haplotype carriers had intermediate IL-10 mRNA levels. Furthermore, the highest IL-10 mRNA levels were observed in patients with the haplotype combination GCC + /ATA 2 whereas GCC 2 /ATA + carriers were associated with the lowest IL-10 mRNA levels. 6%) ). The most obvious difference was observed for babA2 + strains: the prevalence of babA2 + strains was 2.4 times higher among patients with the high IL-10 secreting haplotype combination compared with the low IL-10 secreting haplotype combination. Interestingly, polymorphisms in other cytokine genes investigated in this study were not associated with certain bacterial strain types (data not shown).
The role of IL-10 polymorphisms for the gastric inflammatory response and the development of IM/AG To investigate the role of IL-10 polymorphisms on the development of gastric inflammation and IM/AG, the frequency of IL-10 haplotypes was compared in different patient groups. Interestingly, although IL-10 polymorphisms influenced IL-10 expression, the frequency of the IL-10 haplotypes was similar in patients with high or low degrees of gastritis and in patients with or without IM/AG (data not shown). Table 2 shows that even the frequency of high or low IL-10 secreting haplotype combinations did not differ significantly among groups. Also, the frequency of the GCC + /ATA 2 haplotype combination tended to be higher among patients with IM/AG (OR 1.2-4.2); differences compared with the GCC 2 /ATA + group were not significant in most cases.
The role of TNF-A-307 and IFN-G+874 polymorphisms for mucosal cytokine expression and the gastric inflammatory response The influence of the TNF-A2307 and IFN-G+874 polymorphisms on mucosal cytokine expression was assessed. Figure 5 shows that there were no significant differences in IFN-c and TNF-a levels between different allele carriers. This suggests that these polymorphisms do not influence cytokine expression in the course of chronic H pylori infection. Accordingly, there were no significant associations of these polymorphisms with gastric inflammation or the presence of IM or AG (tables 3, 4). Although the frequency of the TNF-A2307A allele tended to be higher among patients with IM/AG, differences compared with the TNF-A-307TT group did not reach statistically significant levels.
DISCUSSION
Allelic variants in cytokine genes have been shown to influence gene expression and subsequently the susceptibility to and severity of various infectious diseases. 19 20 While inflammation is advantageous for a host when microbes can be eliminated, it may be deleterious when infection cannot be eradicated as it leads to continuous impairment of tissue structure and function. An interesting question is therefore how genetic variants in candidate genes influence the H pylori induced inflammatory response and the accompanying development of gastric pathology.
Studies investigating the role of genetic polymorphisms on cytokine secretion are controversial and the experimental approaches used (mainly in vitro) have several disadvantages. 19 24 For example, experiments with stimulated PBMC from different polymorphism carriers are often not generally applicable as the cytokine response may differ depending on the stimulus (pathogen). 24 Furthermore, the stimulus dose in vitro may not reflect the situation in vivo. To overcome these difficulties, we determined actual cytokine mRNA levels in vivo in the infected mucosa.
In the current study, we found that IL-10 SNPs markedly influenced mucosal IL-10 expression in the course of chronic H pylori infection: GCC haplotype carriers (IL-10 21082G; 2819C; 2592C) were associated with high and ATA carriers with low IL-10 expression. These results show the functional relevance of IL-10 SNPs in vivo. Interestingly, IL-10 polymorphisms were associated with infection by different bacterial strain types. H pylori strains have co-evolved to colonise specific human host populations via the selection of certain bacterial properties 34 35 but it is not known which evolutionary forces influence strain selection. Ethnic differences in the frequency of host genetic polymorphisms may account for the diversity of H pylori strain distribution in human populations. In the current study, the prevalence of virulent cagA
+ /babA2 + H pylori strains was higher among GCC than ATA carriers. There are two possible explanations for this association: either (i) initial infection with cagA + strains may be more successful in GCC carriers, suggesting a host specific colonisation or (ii) host specific adaptation of the bacterium may occur in the course of chronic infection.
Regarding the first hypothesis (host specific colonisation), there is evidence from animal models that individuals differ in their susceptibility to H pylori strains during the initial stages of colonisation. For example, after challenge of rhesus monkeys with a mixture of seven different H pylori strains, different animals were colonised by different strains. 36 In addition, recently Philpott et al have shown in the mouse model that cagPAI 2 H pylori strains have a selective advantage for colonisation. 37 As IL-10 lowers gastric inflammation, 38 cagPAI + strains (which usually induce a strong inflammatory reaction) may be more successful in the initial colonisation of hosts with the high IL-10 producing haplotype GCC. In relation to the second hypothesis (host specific bacterial adaptation during chronic infection), it has been shown that H pylori exists within its ecological niche as a quasispecies, a bacterial population in a continuous state of genetic flux, which allows optimal adaptation to changing conditions. [39] [40] [41] Exaggerated inflammation may be deleterious for the bacterium as it leads to impairment of tissue structure/ function and finally to loss of its niche. 3 Therefore, in patients with low IL-10 production (proinflammatory ATA haplotype carriers), it may be beneficial for H pylori to loose its cagPAI (which is an unstable locus 8 42 ) to avoid an exaggerated immune response. Alternatively, in cases of mixed infections, cagPAI 2 strains may have a selective advantage in such hosts. Correlating IL-10 SNPs with gastric histopathology, we could not find significant associations with gastric inflammation or atrophy and intestinal metaplasia. In a mouse model, IL-10 has been shown to protect from the development of severe gastritis and mucosal damage through downregulation of the H pylori induced Th1 response. 38 43 In humans, two recent large studies associated IL-10 polymorphims with gastric cancer, leading to conflicting results. Whereas one report found a higher prevalence of gastric cancer in patients with the proinflammatory (low IL-10 Table 3 Frequencies of the tumour necrosis factor (TNF)-A2307 alleles in patients with different degrees of granulocytic (G) and lymphocytic (L) infiltration, as well as the presence or absence of intestinal metaplasia (IM) and atrophic gastritis (AG) secreting) haplotype ATA, 32 the other study reported an association between carcinoma and the anti-inflammatory (high IL-10 secreting) haplotype GCC. 31 The apparent paradoxical observation in the latter study may be explained by our finding that cagA + strains were more prevalent among GCC carriers. Further studies are needed to clarify the role of IL-10 polymorphisms in H pylori infection.
The TNF-A2307 and IFN-G+874 SNPs were not associated with changes in mucosal cytokine expression and the inflammatory response to H pylori. Several polymorphisms have been reported in the TNF-A promoter, almost all being functionally silent. 24 The G/A polymorphism at position 2307 is considered to be related to differences in TNF-a secretion by some authors (reviewed by Allen 24 ). However, the results of the available studies are conflicting: two studies found 20-40% increased TNF-a production from lipopolysaccharide stimulated PBMC of allele A carriers 44 45 whereas the majority of reports found no significant differences. 25 46-48 Our data are in agreement with the latter reports and indicate that the -307 polymorphism is either generally functionally silent or does not play a functional role for H pylori induced TNF-a expression. An alternative explanation for associations of cytokine gene polymorphisms with heightened inflammatory responses could be linkage of these loci with other immunologically important genes (such as association of TNF-A-307A with the HLA-DR3 allele). However, in this study, we did not find that the TNF-A-307 polymorphism influenced the severity of gastric inflammation.
There is only one study which has examined the relationship between IFN-G polymorphisms and IFN-c transcription, reporting an association of allele 2 of a polymorphic microsatellite marker (which shows an absolute correlation with the IFN-G+874T allele 26 ) with heightened IFN-c secretion. 27 However, in the H pylori infected stomach, the +874A/T SNP seems to have no influence on H pylori induced IFN-c expression and the subsequent inflammatory response.
Recent studies have linked proinflammatory IL-1 polymorphisms to low acid secretion, gastric inflammation, and gastric carcinoma. 28 30 33 49-51 We found an association between IL-1 polymorphisms and high mucosal IL-1b expression. Although the association was significant only for the IL-1RN*2 allele and not for IL-1B2511T/-31C, the highest IL-1b mRNA levels were found in individuals who were simultaneous carriers of both proinflammatory alleles (IL-1B2511T/231C and IL-1RN*2). These results on mRNA levels are in accordance with a recent study 30 which investigated the role of IL-1 polymorphisms on IL-1b protein secretion in the H pylori infected mucosa. In that study, IL-1B2511T/T and IL-1RN*2 carriers had higher mucosal IL-1b levels than non-carriers, and patients who simultaneously harboured both genotypes had the highest IL-1b protein levels. 30 Accordingly, we and others found that carriers of the IL-1RN*2 and IL-1B2511T/-31C alleles were associated with more severe gastric inflammation than non-carriers. 30 33 50 51 The effect of IL-1 polymorphisms may be due to the antisecretory and proinflammatory capacity of IL-1b. [52] [53] [54] [55] [56] Several studies have shown that high acid output and antrum predominant gastritis are associated with duodenal ulceration whereas low acid output and corpus gastritis lead to an increased risk for the development of non-cardia gastric cancer. [57] [58] [59] Excessive acid secretion has a growth inhibitory effect on H pylori. 60 Therefore, IL-1b induced hypochlorhydria probably promotes colonisation of the acid secreting corpus region thus leading to an increased cancer risk. 61 On the other hand, IL-1b induced hypochlorhydria may also ameliorate growth conditions of the antrum, explaining the association of IL-1 polymorphisms with more severe antral gastritis, as observed in the current study. However, despite this association with antral gastritis, proinflammatory IL-1 polymorphisms seem not to be linked to duodenal ulceration. 62 The explanation for this observation may be that high acid secretion, which is a major feature of duodenal ulceration, 61 is not likely to develop in patients with high IL-1b secretion.
In summary, the current study shows how genetic polymorphisms influence cytokine expression, gastric inflammation, and bacterial strain selection in H pylori infection. In the future, genotyping of host polymorphisms may allow identification of patients with an increased risk for the development of gastric pathology. The association of polymorphisms with certain bacterial strain types indicates that host specific colonisation or adaptation occurs, which may explain the heterogenity of H pylori strains in different populations. 2 Taken together, these findings contribute to the understanding of the complex host-pathogen interaction and support the model of multifactorial development of gastric pathology.
